The sensitive and rapid detection of hydrogen peroxide is very important in the areas of clinical and environmental analyses. A sensitive and selective Horseradish peroxidase (HRP)-hydrogen peroxide (H 2 O 2 ) biosensor was developed based on acrylic microspheres. Hydrophobic poly (n-butyl acrylate-N-acryloxysuccinimide) [poly(nBA-NAS)] microspheres were synthesized using photopolymerization in an emulsion to form an enzyme immobilization matrix. The HRP enzyme was covalently immobilized onto the acrylic microspheres via the succinimide functionality. Field emission scanning electron microscope (FESEM) has been utilized to characterize the screen-printed carbon paste electrode (SPE) constructed from enzyme conjugated acrylic microspheres and gold nanoparticles (AuNPs) composite (HRP/nBA-NAS/AuNPs/SPE). Differential pulse voltammetry was used to assess the biosensor performance. The linear response range of the hydrogen peroxide biosensor obtained was from 1.0 × 10 -2 to 1.0 × 10 -10 M (R 2 = 0.99) with the limit of detection (LOD) approximately at 1.0 × 10 -10 M. This is an improvement over many hydrogen peroxide biosensors reported so far. Such improvement may be attributed to the large surface area provided by the acrylic microspheres as a matrix for immobilization of the HRP enzyme.
INTRODUCTION
For the past 50 years, there has been an increase in the development of amperometric biosensors for hydrogen peroxide detection especially in clinical chemistry and medical purposes (Hirst el al. 2013) . The sensitive and rapid detection of hydrogen peroxide is very important in chemical, biological, clinical, environment and many other fields (Ciszewski & Gorski 1995) . Many techniques such as titrimetry, spectrometry, chemiluminescence and electrochemistry have been used for the determination of hydrogen peroxide. Among these techniques, the electrochemical biosensor method based on electron transfer between an electrode and immobilized HRP has received the most attention because of its simplicity, high sensitivity and low-cost enzyme sensors (Fang et al. 2011; Wang & Wang 2004) .
Hydrogen peroxidase (HRP) is the most commonly used enzymes for the development of hydrogen peroxide biosensor. HRP has been one of the most widely studied enzymes in the development of amperometric biosensors because of the availability in high purity, low cost and high stability (Radi et al. 2008) . The enzyme contains heme as a prosthetic group, which is also the protein active site with the resting state of the heme-iron: Fe(III), and it can catalyze the H 2 O 2 -dependent one-electron oxidation of various substrate (Wang & Wang 2004; Zhang et al. 2000) . Hydrogen peroxide biosensors commonly involved an immobilization of hydrogen peroxidase enzyme onto suitable matrices. In electrochemical applications, oxidases are the most widely used enzymes family (Ricci et al. 2003 ). An enzyme electrode for the determination of blood glucose was explained based on amperometric observation of the released hydrogen peroxide (Guilbault & Lubrano 1973) .
In the development of amperometric enzyme electrodes, they are vast difference in the design or material of the electrodes, immobilization matrices composition or immobilization approaches. The immobilization method and matrix used for enzyme immobilization are important in designing a hydrogen peroxide biosensor. There were various methods and type of matrices have been reported including adsorption, cross-linking (Lin et al. 2000; Xu et al. 1998) , layer-by-layer assembly (Chen et al. 2006; Zhang et al. 2001) , covalent binding (Senel et al. 2010 ), sol-gel entrapment (Lei et al. 2004) , nano or even micro materials (Yu et al. 2006) , film (Cao et al. 2008 ) However, many of them produced weak molecular bonds between enzymes and immobilization matrix (Garjonyte et al. 2001) , which affecting the reduction of shelf life and stability of biosensor. Clark and Lynos proposed the firstgeneration devices that used the production and detection of hydrogen peroxide (Wang 2001) . A hydrogen peroxide biosensor used new methylene blue N incorporated in a montmorillolite colloidal particles-modified horseradish peroxidase immobilization matrix as electron shuttle (Lei et al. 1996) . The cyclic voltammetry and amperometric measurement displayed good stability, whereby the biosensor responded rapidly to H 2 O 2 in the linear range from 5.0 µM to 2.2 µM with the detection limit of 6.0 × 10 -7 M. Anthraquinone was later introduced as sensing material for redox mediation of HRP on a glassy carbon electrode substrate for hydrogen peroxide sensing with detection limit of 40 nM (Duo et al. 2009 ). Ansari research group found that fabrication of HRP/NanoCeO 2 /ITO gives a linear range of 1.0 -170 µM and it can be use about 20 times (Ansari et al. 2009 ).
Subsequently, HRP was immobilized in a nanocomposite films of carbon nanotubes (CNTs)-SBA-15 modified gold electrode. This biosensor showed a linear range from 1 µM to 7 mM and detection limit of 0.5 µM (Fang et al. 2011 ). In the same year, Villalonga et al. (2011) developed a wiring HRP on gold nanoparticles-based nanostructured polymeric network for the construction of mediatorless hydrogen peroxide biosensor. The so-called reagentless biosensor for H 2 O 2 exhibited a linear range from 5 µM to 1.1 mM with rapid response within 8 s. In 2015, Zhang et al. deposited gold nanoparticles (AuNPs) onto a three dimensional (3D) porous carbonized chicken eggshell membrane (CESM) to increase the performance of the biosensor. The linear range was found between 0.01 -2.7 mM with detection limit of 3 µM.
A similar detection limit was achieved at 2.6 µM with the immobilized HRP on a glassy carbon electrode by poly(glycidyl methacrylate-co-vinylferrocene) (poly(GMA-co-VFc)) film (Senel et al. 2010) with linearity occurred in the range of 2.0-30.0 mM. Much lower linear range from 2.65 × 10 -9 to 1.08 × 10 -7 M with detection limit of 1.44 × 10 -9 M was obtained for hydrogen peroxide detection with immobilized anthraquinone 2-carboxylic acid modified HRP (Shourian & Ghourchian 2010) . It is noteworthy to mention that all these biosensors have short linear range and low sensitivity.
The fabrication of an efficient biosensor relies on the structure and surface morphology of the enzymes supporting materials. The use of large surface area materials such as microparticles or nanoparticles would allow more effective loading of enzymes on the materials and increase the biosensor sensitivity compared with one-dimensional structure membrane (Ulianas et al. 2014 ). Here, we developed a novel hydrogen peroxide biosensor based on immobilizing HRP onto the acrylic microspheres. Acrylic microspheres were synthesized with the use of n-butyl acrylate (nBA) monomer, sodium dodecyl sulphate (SDS), 1,6-hexanadiol diacrylate (HDDA), N-acryloxysuccinimide (NAS), 2-2-dimethoxy-2-phenylacetophenone (DMPP) and water. The covalent bond was formed between the succinimide group of acrylic microsphere and an amine group of HRP enzyme as in Figure 1 . We had investigated the potential of a hydrogen peroxide biosensor constructed by depositing a AuNPs/acrylic microspheres composite on screen-printed carbon paste electrode. The AuNPs were used to enhance the conductivity of the hydrogen peroxide biosensor (Nik Mansor et al. 2018) . Hydrogen peroxide were quantified by different pulse voltammetry (DPV) in the presence of potassium ferum (III) cyanide (K 3 Fe(CN) 6 ) as mediator. 
SYNTHESIS OF ACRYLIC MICROSPHERE
Acrylic microspheres were prepared by following the procedure described by Ulianas et al. (2011) . Briefly, the microspheres were synthesized by mixing of 7 mL nBA monomer, 0.01 g SDS, 450 µL HDDA, 0.1 g DMPP, 6 mg NAS and 15 mL H 2 O in a small conical flask. At room temperature, the mixture was sonicated for 10 min. The resulting white emulsion solution was photocured for 600 s with UV light under continuous nitrogen gas flow. The poly(nBA-NAS) microspheres were collected under centrifugation at 4000 rpm for 30 min with minimum three times wash using potassium phosphate (K-phosphate) buffer. Subsequently, the collected microspheres were left to dry at ambient temperature.
FABRICATION OF HRP/MSP-NAS/AUNPS/SPE BIOSENSOR 16 μL of gold nanoparticles (AuNPs) were suspended in ethanol (1 mg AuNPs dissolved in 300 μL EtOH) was deposited onto a SPE and left it to dry at rt. 0.5 mg horseradish peroxide (HRP) was mixed in 100 μL K-phosphate buffer solution (0.05 M, pH7). 1 mg acrylic microspheres (MSP-NAS) were mixed in 100 μL K-phosphate buffer solution (0.01 M, pH7). The acrylic microspheres (MSP-NAS) and HRP were immobilized together for 24 h and keep refrigerated at 4°C. Next, the mixture of HRP/ MSP-NAS were centrifuged at 10 000 rpm for 8 min at 4 o C and washed with K-phosphate buffer solution (0.01 M, pH7) for three times. HRP/MSP-NAS was suspended back in K-phosphate buffer solution before quickly dropped onto the SPE. 8 μL of immobilized suspension (HRP/MSP-NAS) was dropped onto modified AuNPs/SPE and stored at 4 o C for drying. The biosensor response was investigated by means of DPV. The stepwise fabrication of the HRP/ MSP-NAS/AuNPs/SPE biosensor is depicted in Figure 2 . Potassium ferricyanide, K 2 Fe(CN) 6 acts as mediator for the determination of hydrogen peroxide.
OPTIMIZATION OF HYDROGEN PEROXIDE BIOSENSOR
The amounts of AuNP and MSP-NAS deposited on the SPE were optimized by varying the amount of AuNP and MSP-NAS from 0 -0.08 mg. Similarly, the amounts of HRP were varied between 0.08 -0.23 mg while the amount of gold nanoparticles and MSP-NAS were kept constant. The effect of three different buffer type to hydrogen peroxide biosensor was investigated using K-phosphate, Sodiumphosphate (Na-phosphate) and tris-HCl buffers of 0.01 M and pH7. The effect of buffer pH was determined with 0.01 M K-phosphate buffer in the pH range from 5 to 9. Simultaneously, the effect of buffer concentration was examined with varied concentration of K-phosphate buffer from 0.5 mM to 50 mM.
HYDROGEN PEROXIDE BIOSENSOR'S RESPONSE
The calibration curve of the hydrogen peroxide biosensor was obtained in a series of hydrogen peroxide concentration from 1 × 10 -10 M to 1 × 10 -2 M. The reproducibility of the hydrogen peroxide was subsequently studied utilizing three replicate units of biosensors and tested with 1 × 10 -6 M of hydrogen peroxide. In addition, the repeatability of the biosensor was examined by measuring response of one biosensor for 7 times. Lastly, the shelf life of the hydrogen peroxide biosensor was explored by using electrodes stored at 4 o C. These electrodes were tested in triplicates with 1 FIGURE 2. The stepwise fabrication of the HRP/MSP-NAS/AuNPs/SPE × 10 -5 M of hydrogen peroxide in 0.01 M K-phosphate buffer, pH7 at fixed intervals for up to a duration of 30 days where a substantial decline in the biosensor response was realized at potential 0.2 V.
RESULTS AND DISCUSSION

CHARACTERISATION OF MODIFIED HRP/MSP-NAS/AUNPS/SPE
Acrylic microspheres were non-conducting materials, and thus the addition of gold nanoparticles could enhance the electron transfer from the mediator (K 2 Fe(CN) 6 ) to SPE surface (Ulianas et al. 2012) . The experiment showed a gradual increase of biosensor response from 0.02 to 0.04 mg AuNPs but a sudden increase with almost two-fold current by 1 mg particle up to 0.05 mg were observed. Following this, a sudden decrease was noticed when nanoparticle was increased up to 0.07 mg (Figure 3(a) ).
The increase of peak current with increased nanoparticle amount was due to the increase of conduction pathway for electron transfer generated by the AuNPs (Ulianas et.al 2011) . The decrease in current above 0.07 mg nanoparticles can be related to the complete coverage of nanoparticles on the SPE surface, hence hampering the electron transfer efficiency at the electrode surface (Ariffin et al. 2018) . Figure 3(b) shows the effect of MSP-NAS amount on the biosensor response. The H 2 O 2 -HRP biosensor response elevated simultaneously with the increase amount of MSP-NAS up to 0.04 mg and later decreased when the amount was further raised. This can be explained mainly by the increment of the surface area for HRP enzymes to be immobilized onto the surface as the concentration of MSP-NAS was increased. The total coverage or saturation will hinder the electron transfer and lower the DPV response (Ariffin et al. 2018; Ulianas et al. 2018 ). The peak current escalated proportional with the increasing amount of enzymes from 0.08 to 0.19 mg. Further increase caused the current to decrease due to the saturation of the MSP-NAS with HRP enzymes (Figure 3(c) ). Thus, a similar explanation as mentioned above is applicable.
The different types of buffer solution, pH and buffer concentration were optimized to achieve the optimal condition to enhance the reaction of HRP enzymes and H 2 O 2 . In all three cases, there is an optimum value where the biosensor gave the maximal current response for the highest degree of reaction between HRP enzymes and H 2 O 2 . The H 2 O 2 -HRP biosensor showed the best response in 0.01 M K-phosphate buffer at pH7 (Figure 4(a) ) in the way that it provided a suitable environment for enzymes compared with Na-phosphate and tris-HCl buffer solutions. Thus, (a) (b) (c) FIGURE 3. Effect of AuNPs loading (a), MSP-NAS loading (b) and HRP enzymes loading (c) on the hydrogen peroxide-HRP biosensor K-phosphate buffer was employed for further studies to optimize the enzymatic reaction. The pH of the buffer solution is influential to the enzymatic reaction in the manner that highly acidic or basic environment may give negative effect to the electrode (Ulianas et al. 2011) . Moreover, enzymes are denatured in extreme pH change. The experiment displayed the response of H 2 O 2 -HRP biosensor increased by the reduction of the acidity (from pH5.0 to pH6.0) and declined until pH9.0. This demonstrate that HRP enzymes react with H 2 O 2 favorably at pH6.0. The pH profile of the hydrogen peroxide-HRP biosensor is shown in Figure 4(b) .
In typical enzymatic reactions, the effect of buffer concentration is essential to be evaluated since a suitable concentration of buffer concentration is needed to maintain the activity and stability of the enzymes. The optimum buffer concentration of H 2 O 2 -HRP biosensor was investigated using K-phosphate buffer concentrations from 0.5 until 50 mM as presented in Figure 4 (c). K-phosphate buffer with the concentration of 5.0 mM gives the highest current response and selected for further optimization. Table  1 refers to the optimization of experimental parameters.
PERFORMANCE OF HYDROGEN PEROXIDE BIOSENSOR
The DPV response of the 5 mM K-phosphate buffer containing different molar concentration of hydrogen peroxide was measured with DNA biosensor to construct a linear calibration curve. The biosensor response increased with increasing concentrations of hydrogen peroxide from 1 × 10 -2 -1 × 10 -12 M as shown in Figure 5(a) . The hydrogen peroxide-HRP biosensor demonstrated a linear response over hydrogen peroxide concentration range from 1 × 10 -2 to 1 × 10 -10 M (R 2 = 0.99) with a limit of detection estimated to be less than 1 × 10 -10 M (Figure 5(b) ). The limit of detection of the hydrogen peroxide biosensor calculated based on three times the standard deviation of the biosensor response in the linear range divided by the linear calibration slope (Nik Mansor et al. 2018 Figure 6 . The H 2 O 2 -HRP biosensor was stored in K-phosphate buffer at 4 o C before tested. The biosensor response was found stable up to 30 days of storage period with response 92.10% to 97.36% when compared to its response on the first day. However, the biosensor response decreased to 17.11% of the initial value after 80 days of storage period. The linear range and LOD (limit of detection) properties of AuNPs/MSP-NAS-SPE together with other hydrogen peroxide biosensor platforms are summarized Table 2 . High linear range and low detection limit displayed by the present nanogold system is a big improvement. This is attributed to the large surface area for enzyme immobilization provided by the microspheres matrix.
CONCLUSION
A hydrogen peroxide biosensor based on the immobilization of horseradish peroxidase on acrylic microsphere was successfully fabricated. Hydrogen peroxidase enzyme, acrylic microsphere and gold nanoparticles were coated onto SPE. The hydrogen peroxide biosensor showed good performance for the analysis of hydrogen peroxide in various concentrations. The biosensor demonstrated good sensitivity, wide linear response range and low limit of detection. AuNPs/MSP-NAS-SPE 1.0 × 10 -10 -1.0 × 10 -2 <1.0 × 10 -10 This work
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